sequences of subaerial volcaniclastic rocks and flows ranging in age from Eocene to Miocene and having generally andesitic compositions, although rocks of basaltic through dacitic compositions are common and rhyolites are present locally (Sherrod and Smith, 1989) . Interbedded sedimentary rocks unrelated to volcanism constitute a minor component of the Western Cascades and small dioritic intrusions are widespread and commonly cluster in the larger mining districts. Because rocks of the Western Cascades formed from the eruption of numerous volcanic centers, there are literally hundreds of small overlapping and intertonguing units and very few distinctive laterally extensive marker beds (Sherrod and Smith; 1989) , which makes unravelling the geology of the area very difficult; poor exposure and deep weathering in many parts of the region further obscure geologic relations. Many of the rocks have undergone regional metamorphism to zeolite-facies assemblages. More locally, contact metamorphism has altered rocks to a greenschist-facies assemblage that resembles the propylitic alteration commonly developed around mineralized areas; both are present in the study area.
Most base-and precious-metal occurrences in rocks of the Western Cascades are composed of pyrite or its oxidation products plus other sulfide minerals within quartz veins or shear zones, and typically contain gold with or without silver, lead, zinc, copper, and (or) antimony. Characteristics of many of these veins suggest that they are best classified as polymetallic vein deposits but veins in several districts may better be classified as epithermal based on the host rock, commodities present, and mineralogy (models: Mosier and others, 1986a, b; deposit descriptions: Mineral Resource Data System, 1990) . Most veins in all the districts trend northwest to west and dip steeply (Callaghan and Buddington, 1938) . The clustering of these deposits into discrete districts and the characteristics of many of the districts have led some researchers to propose that the major vein districts may be underlain by porphyry copper-type deposits (Power, 1984) . Indeed, there is indication that a porphyry copper deposit underlies the North Santiam district (Diggles, 1991) . High-grade breccia-pipe copper deposits like that recently discovered at the Bornite property in the North Santiam District (Hladky, 1993) are associated with several porphyry copper districts in the Cascade Range in both Oregon and Washington. Less common in rocks of the Western Cascades are mercury deposits. The main mercury districts are south of Cottage Grove to the California border and they generally lie west of the polymetallic/epithermal vein deposits, which may suggest a regional zonation. Characteristics of these mercury deposits indicate that they probably formed in a hot-spring setting (model: Rytuba, 1986; deposit descriptions: Mineral Resource Data System, 1990 ). Propylitic, argillic, and more localized silicic alteration accompany the mineral deposits within both the Holderman Mountain area and Black Butte mercury district and are present in other mineralized areas of the Cascades (R.P. Ashley and J.A. Peterson, field examinations, 1991) .
Black Butte District
The Black Butte mercury district lies about 25 km south of Cottage Grove and about 32 km west of the Bohemia mining district on the north slope of the Calapooya Divide within the Harness Mountain 7.5-minute quadrangle ( fig. 1) . Two mines and several prospects are found in the district, most important being the Black Butte Mine ( fig. 2 ) from which about 18,000 flasks of mercury was produced (Brooks, 1963) . The Hobart Butte Mine has been exploited for highalumina clay rather than for mercury, which is present as small quantities of cinnabar along with realgar and orpiment. Pits and trenches collectively known as the Woodward prospects can be found on Cinnabar Mountain and Little Baldy, and the Sullivan prospect is north of Dennis Creek. The host rocks of these mercury deposits are primarily andesitic pyroclastic rocks and interbedded flows of the upper part of the late Eocene to early Oligocene Fisher Formation (Derkey, 1973) . Hobart Butte is underlain by pyroclastic rocks alone, whereas both flow and pyroclastic rocks are found on Black Butte and surrounding buttes. Tertiary dioritic intrusive rocks are present in the region but are not close to the deposits. Argillic alteration affected a broad area around the mercury deposits. Many of the argillically altered areas also contain dark brown replacement veinlets, (Brooks, 1963) , but rocks of the region are not severely deformed and the complex interrelations of eruptive units often hampers the recognition of faults.
Holderman Mountain Area
The Holderman Mountain area lies directly west of the Bohemia District ( fig. 1 ), largest and most productive of the districts in the Western Cascades of Oregon after the discovery of gold there in 1858. Both the Holderman Mountain area and the Bohemia District are underlain by rocks of the Little Butte Volcanic Series of Peck and others (1964) of Oligocene to Miocene age. These rocks are characterized by volcaniclastic and flow rocks primarily of andesitic compositions although basalts to rhyolites are also present. Holderman Mountain is underlain by several volcaniclastic rock units and by basaltic to andesitic flows, most of which have been altered to some degree. This sequence has been intruded by a basaltic plug, a rhyolitic dome and breccia, and a small dioritic stock, all within 1 km of the mineralized area. The top of Holderman Mountain was discovered to be mineralized several years ago by geologists working for Weyerhaeuser Co., and drilling and large-scale geologic mapping began there after the area was clear-cut. The surface manifestation of the mineralization includes altered pyroclastic rocks that are primarily argillized (kaolinite+quartz±illite) and locally silicified (quartz+K-feldspar±pyrite). Pyrite is present locally in a silicified and finely laminated, probably lake-bed, volcaniclastic deposit. In contrast, deposits in the Bohemia district are found within sulfide-bearing quartz veins. Tourmaline has been found within altered rocks in one locality about 1.6 km south of the mineralized area; it is too poorly exposed to adequately describe. Other silicified localities bearing disseminated pyrite have been found south of Holderman Mountain and intense propylitization characterizes some of the rocks within about 3.2 km of the mineralized area. As in the Black Butte district, many of the argillized areas contain dark-brown replacement veinlets composed of kaolinite, quartz, and iron oxides.
SAMPLE COLLECTION AND ANALYTICAL PROCEDURE
Most samples were collected from road cuts, quarries, or entrances to mines because natural outcrops are generally scarce and (or) deeply weathered. Figures 2 and 3 show the location of sample sites in the Black Butte district and Holderman Mountain area, respectively. All analyzed samples are of altered material, and an emphasis was placed on dark-brown replacement vein material. The appendix provides brief sample descriptions based on field observations and xray diffraction analyses. Whole-rock x-ray diffraction of samples containing replacement vein material indicates that they are composed primarily of quartz, kaolinite, and iron oxides. The argillically altered material in which the veins are generally found contains mostly kaolinite but some samples also contain minor amounts of illite, dolomite, sulfide minerals, or tourmaline. Although the replacement veins are present primarily in argillically altered rocks, some were also found in silicified rocks. Unaltered rock samples that were collected to aid in lithologic identification were not analyzed for trace elements.
All samples were crushed to less than 0.25 in. in a jaw crusher, split if necessary, and pulverized to 100 percent minus-80 mesh and 80 percent minus-100 mesh prior to analysis (Taylor, 1990) . Each sample was analyzed for 40 elements by inductively coupled plasma-atomic emission spectrometry (ICP-AES) using a multiple-acid leach (Briggs, 1990) ; for selenium and arsenic by hydride generation atomic absorption spectrophotometry (Welsch and others, 1990; Crock and Lichte, 1982) ; for gold, tellurium, and thallium by flame atomic absorption spectrophotometry (O'Leary and Meier, 1990; O'Leary and Chao, 1990) ; and for mercury by continuous flow-cold vapor-atomic absorption spectrophotometry (O'Leary and others, 1990). Table 2 lists the trace-element analyses of the 25 rock samples from the Black Butte District and the 21 rock samples from the Holderman Mountain area. Analyses for most of the elements are reported in parts per million, but Al, Ca, Fe, K, Mg, Na, P, and Ti are reported in percent. Au, Bi, Cd, Ho, Sn, Ta, and U, analyzed by the ICP-AES method, were not detected in any samples above their respective lower limits of analytical determination and are therefore not listed in table 2. Table 2 also lists the laboratory sample number, latitude and longitude, and the approximate percentage of the sample composed of dark-brown replacement vein material.
GENERAL OBSERVATIONS
Although the intent of this paper is not to interpret the data presented, some general observations can be made.
(1) In many cases the alteration products obscure the identity of the parent rock, but remnant textures and adjacent, less altered rocks suggest that more of the altered rocks were volcaniclastic rather than flows, probably due to a greater initial porosity of the volcaniclastic rocks. (2) Dark-brown replacement veins are characteristically found in argillically altered rocks and may represent a more advanced alteration stage transitional to silicic alteration. Some areas around Black Butte clearly show unaltered rock grading into argillically altered rocks, which in turn grade into replacement veins, but some replacement veins are found within silicically altered rocks. (3) Replacement veins, although present in both the Black Butte District and Holderman Mountain area, seem to be more prevalent in and around the mercury deposits. (4) Without the benefit of rigorous statistical analysis, it appears that concentrations of As, Cr, Cu, Sr, V, Tl, and Hg are higher in the Black Butte District, whereas Ba and Au have higher concentrations around Holderman Mountain. The differences in Cr and V are attributed to higher Cr and V in the host rocks of the Black Butte area because these elements typically are not concentrated in epithermal processes. (5) Similarly, without rigorous statistical analyses, in the Black Butte District, with the exception of the two samples collected in the pit at Hobart Butte, the samples containing a large proportion of replacement vein material (>50%) tend to have higher concentrations of As, Cu, Zn, and Tl than samples with a small proportion of vein material (<50%). Pb appears to be about the same in both kinds of samples and Ba is more abundant in samples with less vein material. It is more difficult to draw conclusions about the Holderman Mountain area because only three samples contain a large proportion of vein material. Based on this small sample size, samples with much vein material have higher concentrations of Zn and Hg, whereas samples containing less vein material have higher values for As, Ba, Pb, and Tl. Cu appears to be about the same in both types of samples. 92JP1A  92JP1B  92JP3  92JP5  92JP6  92JP15  92JP20A  92JP20B  92JP21  92JP22A  92JP22B  92JP27  92JP28  92JP29  92JP30  92JP31  92JP31  92JP32  92JP33  92JP35  92JP36  92JP37  92JP40  92JP41  92JP42  92JP43  92JP44  92JP46 1  6  2  1  1  <1  2  3  2  <1  <1  1  1  2  2  1  <1  1  <1  <1   110  59  96  130  62  44  31  55  55  35  33   96   72  31  29  25  28  21  76  69  37  37  41  41  45  24  39  27  25   <1  8  <1  9  <1  13  9  41  21  3  56  28  4  16  13  52  42  18  1  3  4  23  5  39  12  25  60  21  2   75  51  60  58  17  42  220  220  15  84  110  25  2  55  58  70  81  75  240  110  56  53  25  48  26  67  92  73  50   25  77  2  98  23  110  39  140  120  75  350  52  14  140  99  250  65  87  9  110  230  190  29  120  79  40  120  100  68 <1  <1  <1  <1  1  <1  1  <1  2  2  1  2  1  2  1  1  1  3  <1  4  3  3   41  36  26  32  29  24  28  46  52  79  45  55  54  41  35  48  49  36  29  52  65  32   <1  <1  2  3  3  2  <1  <1  41  9  7  2  6  36  6  10  6  62  2  19  3  13   12  10  4  3  1  4  13  3  <1  4  9  <1  <1  39  1  11  5  11  <1  <1  4  2   6  4  9  6  19  21  16  11  17  28  20  4  16  44  21  23  32  120  4  19  76  27 92JP1A  92JP1B  92JP3  92JP5  92JP6  92JP15  92JP20A  92JP20B  92JP21  92JP22A  92JP22B  92JP27  92JP28  92JP29  92JP30  92JP31  92JP31  92JP32  92JP33  92JP35  92JP36  92JP37  92JP40  92JP41  92JP42  92JP43  92JP44  92JP46  92JP47   3  2  3  3  2  <2  <2  4  <2  <2  <2  3  2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2   38  23  47  44  37  18  21  13  23  20  12  25  15  11  19  13  12  8  25  17  10  24  13  16  17  17  17  17  19   50  24  45  56  29  23  15  23  29  17  16  42  37  23  17  11  12  13  42  19  20  16  22  28  23  12  10  15  16   21  16  20  49  24  9  15  10  24  39  27  45  32  32  31  22  23  17  38  22  28  76  44  90  36  28  44  24  29   <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  31  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2   28  19  29  32  11  13  9  4  13  10  6  21  13  9  8  4  7  7  14  11  6  13  13  10  9  7  10  11  10   57  34  50  65  41  21  13  40  30  16  15  50  42  18  13  14  16  8  36  23  17  19  27  26  21  12  8  12  9   <2  13  <2  4  <2  15  38  73  14  28  29  34  3  23  20  84  71  22  12  14  5  20  10  31  13  33  47  24  3   12  <4  15  12  14  5  4  <4  <4  6  <4  <4  <4  4  5  <4  <4  <4  9  <4  5   6  <4   10  55  <4  <4  <4  7   16  34  24  18  26  12  42  110  22  23  32  23  26  22  11  40  51  15  10  25  27  19  17  21  14  17  22  15  15   80  48  440  66  170  340  87  60  520  42  34  620  710  30  220  170  280  73  510  660  260  280  320  38  28  300  55  560 92JP49  92JP50  92JP53  92JP55  92JP56  92JP57  92JP58  92JP59  92JP61  92JP62  92JP63  92JP66  92JP67  92JP68  92JP69  92JP70  92JP73  92JP74A  92JP75  92JP80  92JP81   <2  <2  <2  <2  <2  <2  <2  <2  2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2  <2   12  11  <4  4  18  5  21  12  17  18  19  15  19  10  16  17  18  13  16  13  13  10   22  18  12  17  16  12  13  24  21  37  15  30  25  18  18  25  29  12  15  27  32  16   34  38  61  55  87  58  13  110  120  29  40  100  19  140  82  54  32  48  7  31  30  67   6  14  <2  <2  <2  <2  <2  <2  <2  <2  2  <2  <2  <2  <2  <2  <2  <2  <2  40  <2  <2   10  9  6  4  11  6  12  6  9  7  12  13  14  6  11  8  8  6  5  6  8  6   15  14  13  17  12  12  13  27  29  36  17  30  26  23  19  23  29  14  15  21  37  17   <2  <2  <2  <2  <2  <2  <2  <2  <2  2  <2  <2  <2  10  3  6  <2  10  <2  <2  <2  <2   7  7  7  5  22  9  4  9  7  22  4  11  5  5  9  7  <4  6  12  62  33  <4   11  9  7  4  20  8  16  8  28  13  15  20  12  63  11  11  12  21  12  12  15  12   140  130  52  27  61  18  65  1,200  39  16  170  27  110  34  14  220  230  36  140  71  34  68   <4  <4  <4  <4  <4  <4  <4  <4  <4  5  <4  <4  <4  <4  <4  <4  <4  <4  <4  <4  4 
